STATOR FOR AN ALTERNATOR 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a stator for an alternator driven by 
an internal combustion engine, for example, and in particular, relates to the 
construction of neutral-point lead terminals in a stator winding of a three- 
phase alternator. 

2. Description of the Related Art 

Figure 9 is a cross section showing a conventional alternator. 

In Figure 9, the alternator is provided with: a case 3 constructed 
from an aluminum front bracket 1 and an aluminum rear bracket 2; a shaft 
6 rotatably mounted inside the case 3, a pulley 4 being fastened to a first 
end of the shaft 6; a Lundell-type rotor 7 fastened to the shaft 6; fans 5 
fastened to both axial ends of the rotor 7; a stator 8 fastened to an inner 
wall of the case 3 so as to cover an outer circumferential side of the rotor 7; 
slip rings 9 fastened to a second end of the shaft 6 for supplying electric 
current to the rotor 7; a pair of brushes 10 which sHde in contact with the 
shp rings 9; a brush holder 11 for holding the brushes 10; a rectifier 12 
which is electrically connected to the stator 8 to convert alternating current 
generated in a stator winding 16 of the stator 8 into direct current; a heat 
sink 17 fitted onto the brush holder 11; and a regulator 18 mounted on the 
heat sink 17 for adjusting the output voltage generated in the stator 8. 

The rotor 7 is composed of a rotor winding 13 for generating 
magnetic flux on passage of electric current, and a pair of pole cores 20 and 
21 disposed so as to cover the rotor winding 13, magnetic poles being formed 
in the pole cores 20 and 21 by magnetic flux generated in the rotor winding 
13. The pair of pole cores 20 and 2 1 are made of iron, each has a number of 
claw-shaped magnetic poles 22 and 23 disposed on an outer circumferential 
perimeter at even pitch in a circumferential direction so as to project axially, 
and the pole cores 20 and 21 are fastened to the shaft 6 facing each other 
such that the claw-shaped magnetic poles 22 and 23 intermesh. 

The stator 8 is provided with a stator core 15, and a stator coil 16 
which generates alternating current due to changes in magnetic flux 
produced by the rotor winding 13 accompanying the rotation of rotor 7 
wound to the stator core 15. 
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In the automotive alternator constructed in this manner, electric 
current is suppHed from a battery (not shown) through the brushes 10 and 
the slip rings 9 to the rotor winding 13, generating magnetic flux. The 
claw-shaped magnetic poles 22 of the pole core 20 are magnetized with 
north-seeking (N) poles by this magnetic flux, and the claw-shaped 
magnetic poles 23 of the pole core 21 are magnetized with south-seeking (S) 
poles. At the same time^ rotational torque from the engine is transmitted 
through the belt and the pulley 4 to the shaft 6, rotating the rotor 7. Thus, 
a rotating magnetic field is applied to the stator winding 16, generating 
electromotive force in the stator coil 16. This alternating electromotive 
force passes through the rectifier 12 and is converted into direct current, the 
output thereof being adjusted by the regulator 18, and the battery being 
recharged. 

The stator winding 16 of the stator 8 is generally a three-phase star 
connection, and the construction of the neutral-point connections therein is 
as shown in Japanese Patent PubHcation No. HEI 7-32555, for example. 

In other words, as shown in Figure 10, three winding phase portions 
are formed by winding strands of wire 24 into the stator core 15 for a 
required number of turns, the strands of wire 24 being composed of 
conducting Avires having a circular cross section, and neutral-point 
terminals 25 of the three winding phase portions are led out from a coil end 
group, the three led-out neutral-point terminals 25 being brought together 
in one place and connected together by twisting. Then, as shown in Figure 
11, the three twisted neutral-point terminals 25 are fastened and integrated 
by soldering to form a neutral-poiat joint portion 27 which is a joint portion 
joining the three neutral-point terminals 25. In addition, although not 
shown, a neutral-point lead portion is disposed on the neutral-point joint 
portion 27. 

Then, the neutral-point lead portion extending outwards from the 
neutral-point joint portion 27 extends outwards from the stator core 15 
together with output terminals (output wires) 29 of each of the winding 
phase portions, and the neutral-point lead portion and the output terminals 
29 are fastened by means of crimping to a terminal on a circuit board 12a in 
the rectifier 12 and are electrically connected by soldering, respectively. 
Thus, an alternator is provided in which output can be increased when the 
alternator is rotating at high speed by adding neutral-point voltage to the 
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direct current output. 

The neutral-point joint portion 27 is fastened and integrated by 
soldering the three neutral-point terminals 25, but in cases where the stator 
winding is constituted by two sets of the three winding phase portions, the 
neutral-point joint portion may be constructed by bringing six neutral-point 
terminals together in one place, connecting them by twisting them together, 
and fastening and integrating them by soldering. 

It is desirable that the neutral-point lead portion and the output 
wires 29 extend outwards from the stator core 15 parallel to the axial 
direction to facihtate connection to the circuit board 12a. 

Furthermore, because the neutral-point terminals 25 are led around, 
brought together in one place and soldered, there are cases when excessive 
leading around of the neutral-point terminals 25 occurs due to the relative 
positions of the slots in which the neutral-point terminals 25 are housed. 
Because the long lead-around of the neutral-point terminals 25 gives rise to 
problems such as bringing about an increase in the amount of conducting 
wire, which is a heat-generating body, in other words, an increase in the 
amount of heat generated and an increase in electrical resistance, reducing 
power-generating efficiency, or giving rise to breakage of the winding and 
interference with other parts due to vibration when the alternator is 
mounted to a vehicle, it is desirable to make the lead-around of the neutral- 
point terminals 25 as short as possible. 

In order to suppress vibration of the neutral-point joint portions 27 
and the neutral-point lead portions in the presence of vibration when the 
alternator is mounted to the vehicle, measures have been taken to secure 
the lead- around portions of the neutral-point terminals 25 by binding them 
to the coil ends using tie-shaped bodies passing through coil end apex 
portions, or applying varnish to fix them to the coU ends. However, when 
the lead-around portions are secured to the coil ends using tie-shaped 
bodies, the tie-shaped bodies must be passed between the narrow spaces 
between the strands of wire on the coil end apex portions, decreasing work 
efficiency, and when the lead-around portions are secured to the coil ends by 
applying varnish, it is difficult to obtain a sufficient degree of securing 
strength with a low- viscosity varnish because the lead- around portions and 
the coil ends are separated by a predetermined spaciag, and improvements 
have been called for. 
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In the neutral-point joint portions 27 in a stator winding 16 
constructed in this manner, because a number of neutral-point terminals 25 
are gathered together in one place and twisted together into a bundle then 
fastened and integrated by soldering, the solder 26 cannot enter between 
the twisted neutral-point terminals 25, and a cavity A is formed in a central 
portion, as shown in Figure 12, and one problem has been that sufficient 
joint strength cannot be achieved, making it difficult to ensure reHabihty. 

Because a number of neutral-point terminals 25 are soldered 
together, another problem has been that a high capacity jig is needed and it 
is necessary to heat the joint portions sufficiently, making the soldering 
process time-consuming and costly. 

Because a number of neutral-point terminals 25 are gathered 
together and twisted, yet another problem has been that workabihty is poor. 

In order to eUminate the intricate operation of gathearing and 
twisting a number of neutral-point terminals 25 by hand, an improvement 
has been proposed in which the neutral-point joint portion is constructed by 
ahgning a number of neutral-point terminals such that end surfaces thereof 
are positioned in the same plane and soldering these end surfaces together. 
However, in that proposal, the soldered surface is reduced, making the joint 
insufficiently strong, and there has been a risk of dislodgment of the 
neutral-point joint portion occurring if it is subjected to continuous 
vibration. Thus, another problem has been that stops are required for 
integrally fastening the neutral-point terminals, increasing the number of 
work steps and preventing costs from being reduced. 

SUMMARY OF THE INVENTION 

The present invention aims to solve the above problems and an 
object of the present invention is to provide a stator for an alternator 
enabhng rehabihty to be improved and costs to be reduced by disposing flat 
side surface portions on the neutral-point terminals of the strands of wire 
and constructing the neutral-point joint portions by abutting the side 
surface portions to each other and electrically joining them so as to 
eliminate the intricate process of integrating the neutral-point terminals by 
twisting or using stops and so as to easily ensure a sufficient degree of joint 
strength. 

In order to achieve the above object, according to one aspect of the 
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present invention, there is provided a stator for an alternator, the stator 
including: 

a cylindrical stator core formed circumferentially with a number of 
slots extending axially; and 

a stator winding composed of a three-phase stator winding portion 
constructed by connecting three winding phase portions into a three-phase 
star connection, each of the winding phase portions being installed in the 
stator core by sequentially inserting strands of wire into the slots at 
predetermined intervals and a neutral point of the stator winding being 
electrically connected to a rectifier for rectifying alternating-current output, 
wherein 

each of the strands of wire constituting the three winding phase 
portions is led out from a coil end group of the stator winding to an outer 
side to constitute a neutral-point terminal, 

each of the neutral-point terminals havs a flat side surface portion, 

and 

a neutral-point joint portion of the stator winding is constructed by 
abutting and electrically joining the flat side surface portions of the 
neutral-point terminal. 

The strands of wire may be conducting wires having a rectangular 
cross section. 

The neutral-point terminals of the strands of wire constituting the 
three winding phase portions may include: 

a first neutral-point terminal positioned centrally in a 
circumferential direction, the fio'st neutral-point terminal being led axially 
outwards from the coil end group to constitute a neutral-point lead portion 
connected to the rectifier; and 

second and third neutral-point terminals positioned on first and 
second sides in the circumferential direction, each being led axiaUy 
outwards from the coil end group, then bent, and led around to the first 
neutral-point terminal, 

wherein the side surface portions at tips of the second and third 
neutral-point terminals are abutted and electrically joined from the first 
and second sides in the circumferential direction to the side surface portions 
of a portion of the first neutral-point terminal led out from the coil end 
group. 
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The stator may also include a connecting member composed of a 
conductor having flat side surface portions, the flat side surface portions of 
the neutral-point terminals and the connecting member being abutted and 
electrically joined to each other. 

The connecting member may constitute a neutral-point lead portion 
connected to the rectifier. 

At least a part of the neutral-point terminals extending from the coil 
end group to the outer side may be secured to the coil end group by means of 
an electrically-insulating resin portion. 

The electrical joining may be welding. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a partial perspective of a stator for an alternator 
according to Embodiment 1 of the present invention viewed from a rear end; 

Figure 2 is a cross section showing a construction of an alternator 
mounted with the stator according to Embodiment 1 of the present 
invention; 

Figure 3 is a rear end elevation explaining a winding construction of 
one stator winding phase portion in the stator for an alternator according to 
Embodiment 1 of the present invention; 

Figure 4 is a circuit diagram for the stator for an alternator 
according to Embodiment 1 of the present invention; 

Figure 5 is a partial perspective of a stator for an alternator 
according to Embodiment 2 of the present invention viewed from the rear 
end; 

Figure 6 is a partial perspective showing the vicinity of a neutral- 
point joint portion of a stator for an alternator according to Embodiment 3 
of the present invention; 

Figure 7 is a partial perspective showing the vicinity of a neutral- 
point joint portion of a stator for an alternator according to Embodiment 4 
of the present invention; 

Figure 8 is a partial perspective showing the vicinity of a neutral- 
point joint portion of a stator for an alternator according to Embodiment 5 
of the present invention; 

Figure 9 is a cross section showing a conventional alternator; 

Figure 10 is a partial front elevation showing part of a stator for 
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mounting in a conventional alternator; 

Figure 11 is a partial front elevation showing the vicinity of a 
neutral-point joint portion of a stator for mounting in a conventional 
alternator; and 

Figure 12 is a cross section taken along line XII - XII in Figure 11 in 
the direction of the arrows. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention will now be 
explained with reference to the drawings. 
Embodiment 1 

Figure 1 is a partial perspective of a stator for an alternator 
according to Embodiment 1 of the present invention viewed from a rear end, 
Figure 2 is a cross section showing a construction of an alternator mounted 
with the stator according to Embodiment 1 of the present invention, Figure 
3 is a rear end elevation explaining a winding construction of one stator 
winding phase portion in the stator for an alternator according to 
Embodiment 1 of the present invention, and Figure 4 is a circuit diagram 
for the stator for an alternator according to Embodiment 1 of the present 
invention. 

In Figure 1, a stator 80 includes: a cylindrical stator core 150 
formed with a number of slots 150a extending axially at a predetermined 
pitch in a circumferential direction; a stator winding 160 wound into the 
stator core 150; and insulators 19 mounted inside each of the slots 150a for 
electrically insulating the stator winding 160 from the stator core 150. The 
stator winding 160 is provided with a number of winding sub-portions in 
each of which one strand of wire 30 is wound into a wave winding so as to 
alternately occupy an inner layer and an outer layer in a slot depth 
direction within the slots 150a at intervals of a predetermined number of 
slots, the strands of wire folding back outside the slots 150a at end surfaces 
of the stator core 150. Furthermore, turn portions formed by folding the 
strands of wire 30 back outside the slots 150a at the end surfaces of the 
stator core 150 are arranged circumferentially to line up in two rows 
radially, constituting front-end and rear-end coil end groups 160a and 
160b . 

Now, in the stator core 150, ninety-six slots 150a are formed at even 
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pitch so as to house first and second three-phase stator winding portions 
161 described below such that the number of slots housing each phase 
portion of the three-phase winding portions 161 corresponds to the number 
of magnetic poles (sixteen) in a rotor 7. Furthermore, a conducting wire 
made of a long strand of copper or the hke having a rectangular cross 
section coated with insulation is used for the strands of wire 30, 

In the stator 80, each of the first and second three-phase stator 
winding portions 161 has first, second, and third neutral -point terminals 41, 
42, and 43, the first neutral-point terminal 41 which is positioned centrally 
in a circumferential direction being led out parallel to the axial direction 
from the rear-end coil end group 160b to an outer side, and the second and 
third neutral-point terminals 42 and 43 which are positioned on first and 
second sides in the circumferential direction each being led out parallel to 
the axial direction from the rear-end coil end group 160b to the outer side, 
then bent, led around as far as a led-out portion 41a of the first neutral- 
point terminal 41 along apex portions of the rear-end coU end group 160b in 
a plane perpendicular to the axial direction, and then bent parallel to the 
axial direction. Then, side surface portions of bent tips 42a and 43a of the 
second and third neutral-point terminals 42 and 43 are abutted to first and 
second side surface portions of the led-out portion 41a of the first neutral- 
point terminal 41 from the first and second sides, and electrically connected 
and integrated by tungsten-inert gas (TIG) welding, for example. Thus, a 
neutral-point joint portion 44 is constituted by the first, second, and third 
neutral-point terminals 41, 42, and 43. Furthermore, the first neutral- 
point terminal 41 extends outwards parallel to the axial direction from the 
neutral-point joint portion 44, and the extended portion thereof constitutes 
a neutral-point lead portion 45. 

Moreover, the neutral-point joint portion 44 and the neutral-point 
lead portion 45 of only the first three-phase stator winding portion 161 are 
shown in Figure 1, but in reahty there is also a neutral-point joint portion 
and a neutral-point lead portion for the second three-phase stator winding 
portion 161. Furthermore, output wires are omitted from Figure 1. 

Furthermore, the insulation coating is stripped from the abutted 
side surface portions of the tips 42a and 43a of the second and third 
neutral-point terminals 42 and 43. Similarly, the insulation coating is also 
stripped from the abutted side surface portions of the led-out portion 41a of 
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the first neutral-point terminal 41. 

The stator 80 constructed in this manner is mounted to an 
alternator as shown in Figure 2, and the neutral-point lead portions 45 of 
the first and second three-phase stator winding portions 161 constituting 
the stator winding 160 are led out parallel to the axial direction fi:om the 
stator core 150 together with output wires (not shown), are fastened by 
means of crimping to terminals of circuit boards 12a of rectifiers 12, and are 
electrically connected by soldering. Thus, an alternator is provided in 
which output can be increased when the alternator is rotating at high speed 
by adding neutral-point voltage to the direct current output. 

Moreover, except for the fact that the stator 80 is used instead of the 
stator 8, this alternator is constructed similarly to the conventional 
alternator shown in Figure 9. 

Next, the winding construction of one stator winding phase group 
162 served as a winding phase portion will be explained in detail with 
reference to Figure 3. Moreover, in the diagram, the rear-end wiring is 
indicated by solid hnes and the front-end wiring is indicated by broken 
Hnes. 

One stator winding phase group 162 is constituted by first to fourth 
winding sub-portions 31 to 34 each formed from one strand of wire 30. The 
first winding sub-portion 31 is constructed by winding one strand of wire 30 
into a wave winding in every sixth slot from Slot Numbers 1 to 91 so as to 
alternately occupy a first position from an inner circumferential side 
(hereinafter called the first address) and a second position from the inner 
circumferential side (hereinafter called the second address) inside the slots 
150a. The second winding sub-portion 32 is constructed by winding a 
strand of wire 30 into a wave winding in every sixth slot from Slot Numbers 
1 to 91 so as to alternately occupy the second address and the first address 
inside the slots 150a. The third winding sub-portion 33 is constructed by 
winding a strand of wire 30 into a wave winding in every sixth slot from Slot 
Numbers 1 to 91 so as to alternately occupy a third position from the inner 
circumferential side (hereinafter called the third address) and a fourth 
position from the inner circumferential side (hereinafter called the fourth 
address) inside the slots 150a. The fourth winding sub-portion 34 is 
constructed by winding a strand of wire 30 into a wave winding in every 
sixth slot from Slot Numbers 1 to 91 so as to alternately occupy the fourth 
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address and the third address inside the slots 150a. Thus, four strands of 
wire 30 are arranged to line up in one row within each of the slots 150a with 
the longitudinal direction of the rectangular cross sections thereof aligned 
in a radial direction. 

At the front end of the stator core 150, a first end portion 31a of the 
first winding sub-portion 31 extending outwards from Slot Number 1 and a 
second end portion 33b of the third winding sub-portion 33 extending 
outwards from Slot Number 91 are joined, and in addition, a first end 
portion 33a of the third winding sub-portion 33 extending outwards from 
Slot Number 1 and a second end portion 31b of the first winding sub-portion 
31 extending outwards from Slot Number 91 are joined to form a winding 
portion having two turns. 

At the rear end of the stator core 150, a first end portion 32a of the 
second winding sub-portion 32 extending outwards from Slot Number 1 and 
a second end portion 34b of the fourth winding sub-portion 34 extending 
outwards from Slot Number 91 are joined, and in addition, a first end 
portion 34a of the fourth winding sub-portion 34 extending outwards from 
Slot Number 1 and a second end portion 32b of the second winding sub- 
portion 32 extending outwards from Slot Number 91 are joined to form a 
winding portion having two turns. 

In addition, a portion of the strand of wire 30 of the third winding 
sub-portion 33 extending outwards at the rear end of the stator core 150 
from Slot Numbers 61 and 67 is cut, and a portion of the strand of wire 30 of 
the fourth winding sub-portion 34 extending outwards at the rear end of the 
stator core 150 from Slot Numbers 67 and 73 is also cut. Afirst cut end 33c 
of the third winding sub-portion 33 and a first cut end 34c of the fourth 
winding sub-portion 34 are joined to form one stator winding phase group 
162 having four turns connecting the first to fourth winding sub-portions 31 
to 34 in series. 

Moreover, a second cut end 33d of the third winding sub-portion 33 
and a second cut end 34d of the fourth winding sub-portion 34 become a 
neutral-point (N) and an output wire (O), respectively. 

A total of six stator winding phase groups 162 are similarly formed 
by ofisetting the slots 150a into which the strands of wire 30 are wound by 
one slot at a time. 

Here, three of the second cut ends 33d of the third winding sub- 
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portions 33 constituting three stator winding phase groups 162 correspond 
to the above-mentioned jSrst, second, and third neutral-poiat terminals 41, 
42, and 43. 

Of the three second cut ends 33d, a first second cut end 33d which is 
positioned centrally in a circumferential direction is led out parallel to the 
axial direction from the rear-end coil end group 160b to an outer side. 
Second and third second cut ends 33d which are positioned on the first and 
second sides in a circumferential direction are each led out parallel to the 
axial direction from the rear-end coil end group 160b to the outer side, then 
bent, led around as far as a led-out portion of the first second cut end 33d 
along apex portions of the rear-end coil end group 160b in a plane 
perpendicular to the axial direction, and then bent parallel to the axial 
direction. Then, side surface portions of bent tips of the second and third 
second cut ends 33d are abutted to first and second side surface portions of 
the led-out portion of the first second cut ends 33d from the first and second 
sides, and the abutted portions of the first, second, and third second cut 
ends 33d are held in a clamping jig (not shown). Then, electrodes (not 
shown) are brought close to the abutted portions, and an arc is generated 
between the electrodes and the abutted portions, fusing and joining the 
second cut ends 33d to each other. In other words, a neutral-point joint 
portion is formed by fusing and joining the second cut ends 33 to each other 
by TIG welding. Thus, the first three-phase stator winding portion 161 is 
obtained by forming three stator winding phase groups 162 into a star 
connection. The second three-phase stator winding portion 16 1 is similarly 
obtained by forming the remaining three stator winding phase groups 162 
into a star connection. Then, the first second cut ends 33d which are 
positioned centrally in a circumferential direction in the first and second 
three-phase stator winding portions 161 are extended outwards parallel to 
the axial direction to become neutral-point lead portions, and are connected 
to the rectifiers 12. 

Thus, as shown in Figure 4, the first and second three-phase stator 
winding portions 161 are formed by forming three each of the stator 
winding phase groups 162 into each of two star connections, each of the 
three-phase stator winding portions 161 being connected to its own rectifier 
12. The direct current output fi^om the rectifiers 12 is connected in parallel 
and combined. 
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According to Embodiment 1, because the neutral-point joint portions 
44 are constructed by abutting the flat side surface portions of the tips 42a 
and 43a of the second and third neutral-point terminals 42 and 43 on the 
first and second sides in a circumferential direction to the flat first and 
second side surface portions of the led-out portion 41a of the first neutral- 
point terminal 41 positioned centrally in the circumferential direction, the 
joint portions of the first, second, and third neutral-point terminals 41, 42, 
and 43 are abutted in a rehable state of surface contact, enabhng stable 
joining to be performed. Thus, the joint strength of the neutral-point joint 
portions 44 is sufficiently strong to prevent joint dislodgment of the 
neutral-point joint portions 44, enabhng rehabihty to be improved. 
Furthermore, even if the neutral-point joint portions 44 are subjected to 
vibration when mounted to a vehicle, the occurrence of joint dislodgment is 
suppressed, improving rehability from this point of view also. In addition, 
the high-capacity jig and the process of sufficiently heating the joint 
portions which was necessary when the neutral-point joint portions were 
formed by soldering is no longer necessary, enabhng the joining process to 
be carried out in a short time at low cost. Furthermore, because it is not 
necessary to gather and twist the neutral-point terminals by hand, the 
joining operation is considerably improved. 

Furthermore, because excessive leading around and twisting is no 
longer required, the amount of lead-around of the second and third neutral- 
point terminals 42 and 43 is reduced. Thus, increases in the amount of 
conducting wire, which is a heat generating body, are suppressed, in other 
words, increases in the amount of heat generated and in electrical 
resistance are suppressed, enabhng drops in the power-generating 
efficiency to be suppressed, and enabhng the prevention of breakages of the 
winding and interference with other parts due to vibration when the 
alternator is mounted to the vehicle. Furthermore, because vibration 
resistance is improved in proportion to the reduction in the amount of lead- 
around of the second and third neutral-point terminals 42 and 43, it is no 
longer necessary to secure the second and third neutral-point terminals 42 
and 43 to the rear-end coil end group 160b using tie-shaped bodies or to 
secure the first, second, and third neutral-point terminals 41, 42, and 43 to 
each other using stops. 

Furthermore, because the first, second, and third neutral-point 
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terminals 41, 42, and 43 are joined using electrical joining such as TIG 
welding, it is no longer necessary to use solder containing harmful 
substances such as lead, making the present invention effective from the 
point of view of environmental protection as well. 

Because conducting wires having a rectangular cross section are 
used for the strands of wire 30, flat side surface portions are already formed 
on the first, second, and third neutral-point terminals 41, 42, and 43. Thus, 
abutting in a surface contact state can be achieved simply by abutting any 
side surface portions of the first, second, and third neutral-point terminals 
41, 42, and 43, simphfying the process of joining the neutral-point joint 
portions 44. 

Because the neutral-point lead portions 45 are constructed by 
leading the first neutral-point terminals 41, which are positioned centrally 
in a circumferential direction, out from the neutral-point joint portions 44, 
there is no need to dispose neutral-point lead portions separately. 

Embodiment 2 

Figure 5 is a partial perspective of a stator for an alternator 
according to Embodiment 2 of the present invention viewed from the rear 
end. 

In Figure 5, lead-around portions 42b and 43b of the second and 
third neutral-point terminals 42 and 43 and the neutral-point joint portions 
44 are fastened to the apex portions of the rear-end coil end group 160b by 
an electrically-insulating resin portion 39 of epoxy resin or the like. 

Moreover, the rest of the construction is constructed similarly to 
Embodiment 1. 

According to Embodiment 2, because the lead-around portions 42b 
and 43b of the second and third neutral-point terminals 42 and 43 and the 
neutral-point joint portions 44 are fastened to the apex portions of the rear- 
end coil end group 160b by an electrically-insulating resin portion 39 of 
epoxy resin or the hke, the occurrence of joint dislodgment is suppressed 
even if the neutral-point joint portions 44 are subjected to vibration when 
mounted to the vehicle, improving reHabihty significantly. 

Moreover, in Embodiment 2 above, the electrically-insulating resin 
portion 39 is disposed so as to fasten the lead-around portions 42b and 43b 
and the neutral-point joint portions 44 to the rear-end coil end group 160b, 
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but the electrically-insulating resin portion 39 may be disposed so as to 
fasten a part of the lead-around portions 42b and 43b to the rear-end coil 
end group 160b, or it may be disposed so as to fasten only the neutral-point 
joint portions 44 to the rear-end coil end group 160b. 

Embodiment 3 

Figure 6 is a partial perspective showing the vicinity of a neutral- 
point joint portion in a stator for an alternator according to Embodiment 3 
of the present invention. 

In Figure 6, first, second, and third neutral-point terminals 46, 47, 
and 48 of a three-phase stator winding portion are each led out parallel to 
the axial direction from the rear-end coil end group to an outer side, are 
then bent, and led around to a first side in a circumferential direction along 
apex portions of the rear-end coil end group. Then, the first, second, and 
third neutral-point terminals 46, 47, and 48 are stacked axiaUy with flat 
side surface portions abutted to each other in the vicinity of the position 
where the third neutral-point terminal 48 positioned on the first side in the 
circumferential direction is led out from the rear-end coil end group 160b. 
Furthermore, a neutral-poiat lead portion 45A is constructed by 
additionally bending the third neutral-point terminal 48 parallel to the 
axial direction. 

Then, the abutted portions of the neutral-point terminals 46, 47, 
and 48 are held down from an axially outer side using a jig (not shown), 
electrodes (not shown) are brought close, and an arc is generated between 
the electrodes and the abutted portions, fusing and joining the neutral-poiat 
terminals 46, 47, and 48 to each other to form a neutral-point joint portion 
44A. 

Moreover, the rest of the construction is constructed similarly to 
Embodiment 1. 

Consequently, because the flat side surface portions of the first, 
second, and third neutral-point terminals 46, 47, and 48 are abutted to each 
other and TIG welded, similar effects to those of Embodiment 1 can also be 
obtained in Embodiment 3. 

Furthermore, according to Embodiment 3, because the neutral-point 
terminals 46, 47, and 48 are stacked axially at the abutted portions, the 
abutted portions can be held down from an axially outer side using the jig 
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and TIG welded. Thus, a clamping jig in which the abutted portions are 
clamped is no longer necessary, improving workability. 

Embodiment 4 

Figure 7 is a partial perspective showing the vicinity of a neutral- 
point joint portion of a stator for an alternator according to Embodiment 4 
of the present invention. 

In Figure 7, first, second, and third neutral-point terminals 49, 50, 
and 51 of a three-phase stator winding portion are each led out parallel to 
the axial direction from the rear-end coil end group to an outer side. Then 
the first and second neutral-point terminals 49 and 50 are each bent, and 
led around to a fixst side in a circumferential direction along apex portions 
of the rear-end coil end group, and are then bent parallel to the axial 
direction in the vicinity of the position where the third neutral-point 
terminal 51 positioned on the first side in the circumferential direction is 
led out from the rear-end coil end group. Then, bent tip portions 49a and 
50a of the first and second neutral-point terminals 49 and 50 and a tip 
portion 51a of the third neutral-point terminal 51 led out from the rear-end 
coil end group are stacked in a circumferential direction, and flat side 
surface portions thereof are abutted to each other. In addition, a flat side 
surface portion of a first end of a connecting member 52 composed of a 
conductor having a rectangular cross section formed into a U shape is 
abutted to the tip portion 51a of the third neutral-point terminal 51 from 
the first side in the circumferential direction. Furthermore, a second end 
of the connecting member 52 extends fiirther outwards parallel to the axial 
direction to constitute a neutral-point lead portion 45B. 

Then, the abutted portions of the neutral-point terminals 49, 50, 
and 5 1 and the connecting member 52 are held in a clamping jig (not shown), 
electrodes (not shown) are brought close, and an arc is generated between 
the electrodes and the abutted portions, fusing and joining the neutral-point 
terminals 49, 50, and 51 and the connecting member 52 to each other to 
form a neutral-point joint portion 44B. 

Moreover, the rest of the construction is constructed similarly to 
Embodiment 1, 

Consequently, because the flat side surface portions of the first, 
second, and third neutral-point terminals 49, 50, and 51 and the connecting 
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member 52 are abutted to each other and TIG welded, similar effects to 
those in Embodiment 1 can also be obtained in Embodiment 4. 

Now, when automation of the joining operation is being considered, 
it becomes important to move the welding jig parallel to the axis of the 
stator core and place it close to the weld portion. According to 
Embodiment 4, because the side surface portions of the tip portions of the 
neutral-point terminals, 49, 50, and 51 and the connecting member 52 are 
abutted to each other by stacking them in a circumferential direction, there 
is an open space axially outside the abutted portions and there are no 
obstacles to the axial movement of the welding jig, making it suitable for 
mass production. 

Embodiment 5 

Figure 8 is a partial perspective showing the vicinity of a neutral- 
point joint portion of a stator for an alternator according to Embodiment 5 
of the present invention. 

In Figure 8, three neutral-point terminals 53, 54, and 55 of a three- 
phase stator winding portion are each led out parallel to the axial direction 
from the rear-end coil end group to an outer side by a predetermined length. 
Then, a connecting member 56 composed of a conductor having a 
rectangular cross section is disposed so as to extend in a circumferential 
direction along the apex portions of the rear-end coil end group, and flat 
side surface portions at a first end of the connecting member 56 are abutted 
to tip portions 53a, 54a, and 55a of each of the three neutral-point terminals 
53, 54, and 55 from a first side in a radial direction. In addition, a second 
end of the connecting member 56 extends outwards parallel to the axial 
direction to constitute a neutral-point lead portion 45C. 

Then, the abutted portions of the neutral-point terminals 53, 54, 
and 55 and the connecting member 56 are held in a clamping jig (not shown), 
electrodes (not shown) are brought close, and an arc is generated between 
the electrodes and each of the abutted portions, fusing and joining the 
neutral-point terminals 53, 54, and 55 to the connecting member 52 in 
sequence to form a neutral -point joint portion 44C. 

Moreover, the rest of the construction is constructed similarly to 
Embodiment 1. 

Consequently, because the flat side surface portions of the three 



16 



neutral-point terminals 53, 54, and 55 and the connecting member 56 are 
abutted to each other and TIG welded, similar effects to those in 
Embodiment 1 can also be obtained in Embodiment 5. 

According to Embodiment 5, the length of the neutral-point 
terminals 53, 54, and 55 led out from the coil end group can be made 
uniform, simplifying the joining operation and reduciQg damage to the 
winding during joining. 

Because the neutral-point terminals 53, 54, and 55 and the 
connecting member 56 are welded two at a time, the weld portion becomes 
compact, providing a neutral-point joint portion 44C that is highly reHable 
electrically as well. 

Because the length of the neutral-point terminals 53, 54, and 55 led 
out from the coil end group can be shortened, resistance to vibration in the 
neutral-point joint portion 44C is increased, improving rehability, and 
interference between the neutral-point joint portion 44C and the circuit 
boards 12a disposed facing the stator can be avoided, increasing the degree 
of planning freedom. 

Because the neutral-point lead portion 45C is constituted by a 
separate member from the neutral-point terminals, in other words, by the 
connecting member 56, it is not restricted to the dimensions, shape, or 
material of the strands of wire 30 in the stator winding, but can be 
constructed with any dimension, shape, or material. Thus, by selecting the 
dimension, shape, and material of the connecting member 56 so as to have 
great strength, the strength of the neutral-point joint portion 44C can be 
increased. Furthermore, the position of the neutral-point lead portion 45C 
can also be set arbitrarily to match that of the circuit board 12a, improving 
assembly. 

Here, when the neutral-point joint portion 44C is to be secured to 
the rear-end coil end by an electrically -insulating resin portion, because the 
length of the neutral-point terminals 53, 54, and 55 led out from the coil end 
group can be shortened, only a small quantity of electrically-insulating 
resin is required, enabling costs to be reduced. 

Moreover, in each of the above embodiments, conducting wires 
having a rectangular cross section are used for the strands of wire 30, but 
the strands of wire are not limited to conducting wires having a rectangular 
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cross section, and conducting wires having a circular cross section may be 
used. In that case, the portion of the conductor constituting the neutral- 
point joint portion may be deformed so as to have flat side surface portions. 

Furthermore, in each of the above embodiments, the stator winding 
160 used includes a number of winding sub-portions in each of which one 
strand of wire 30 is wound into a wave winding so as to alternately occupy 
an inner layer and an outer layer in a slot depth direction within the slots 
150a at intervals of a predetermined number of slots, the strands of wire 
folding back outside the slots 150a at axial end surfaces of the stator core 
150, but the present invention is not restricted to a stator winding 160 
constructed in this manner, and a stator winding which is constructed 
using coil segments formed into a general U shape for the strands of wire 
may be used by inserting the coil segments sequentially into the slots and 
joining together end portions of the coil segments extending outwards from 
the slots. 

Furthermore, in each of the above embodiments, the neutral-point 
joint portions are explained as being disposed at the rear end of the stator, 
but if the rectifiers 12 are disposed at the front end, the neutral-point joint 
portions will also be disposed at the front end of the stator. 

The present invention is constructed in the above manner and 
exhibits the effects described below. 

According to one aspect of the present invention, there is provided a 
stator for an alternator, the stator including: 

a cylindrical stator core formed circumferentially with a number of 
slots extending axially; and 

a stator winding composed of a three-phase stator winding portion 
constructed by connecting three winding phase portions into a three-phase 
star connection, each of the winding phase portions being installed in the 
stator core by sequentially inserting strands of wire into the slots at 
predetermined intervals and a neutral point of the stator winding being 
electrically connected to a rectifier for rectifying alternating-current output, 
wherein 

each of the strands of wire constituting the three winding phase 
portions is led out from a coU end group of the stator winding to an outer 
side to constitute a neutral-point terminal, 

each of the neutral-point terminals has a flat side surface portion, 
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a neutral-point joint portion of the stator winding is constructed by 
abutting and electrically joining the flat side surface portions of the 
neutral-point terminals, whereby the intricate process of integrating the 
neutral-point terminals by twisting or using stops is no longer required and 
sufficient joint strength can be ensured simply, enabling the provision of a 
stator for an alternator 

enabling rehabihty to be improved and costs to be reduced. 

The strands of wire may be conducting wires having a rectangular 
cross section, making the process of forming flat side surface portions in the 
abutted portions of the neutral-point terminals unnecessary thereby 
improving workability. 

The neutral-point terminals of the strands of wire constituting the 
three winding phase portions may include: 

a first neutral-point terminal positioned centrally in a 
circumferential direction, the first neutral-point terminal being led axLaUy 
outwards from the coil end group to constitute a neutral-point lead portion 
connected to the rectifier; and 

second and third neutral-point terminals positioned on first and 
second sides in the circumferential direction, each being led axially 
outwards from the coil end group, then bent, and led around to the first 
neutral-point terminal, 

wherein the side surface portions at tips of the second and third 
neutral-point terminals are abutted and electrically joined from the first 
and second sides in the circumferential direction to the side surface portions 
of a portion of the first neutral-point terminal led out from the coil end 
group, reducing the amount of lead- around of the neutral-point terminals, 
increasing vibration resistance, thereby improving rehability. 

The stator may also include a connecting member composed of a 
conductor having flat side surface portions, the flat side surface portions of 
the neutral-point terminals and the connecting member being abutted and 
electrically joined to each other, increasing joint strength in the neutral- 
point joint portion, thereby improving rehabihty. 

The connecting member may constitute a neutral-point lead portion 
connected to the rectifier, enabling the strength of the neutral-point joint 
portion to be increased by selecting the connecting material, and enabling 
the position of the neutral-point lead portion to be set arbitrarily to match 
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that of the circuit board, thereby improving assembly. 

At least a part of the neutral-point terminals extending from the coil 
end group to the outer side may be secured to the coil end group by means of 
an electrically-insulating resin portion, increasing the vibration resistance 
of the neutral-point joint portion, thereby improving reliability. 

The electrical joining may be welding, ehminating the use of solders 
containing harmful substances, which is effective from the point of view of 
environmental protection. 
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